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SUMMARY 

.\ 
The purpore of this program was to determine the feasibility of U 
Convoplane concept and define its aerodynamic characteristics. 

The Convoplane concept may he defined as an aircraft that combine! 
the high speed forward flight of a conventional airplane with the 
hovering ability of a helicopter, without changing the attitude o, 
the aircraft Itself or any of its major components. 

-4fl 

The concept takes its fcrm In the shape of a buried rotor 
by ducting in such a manner that either hovering flight or 
flight conditions are permissible. 

By entirely enclosing the rotor system within the wing. The 
plane attempts to obtain hovering efficiencies which are co 
good for helicopters and at the same time get forward High 
which are greater than those possible for the helicopter, 

The results of the wind tunnel tests, conducted by the Good 
Aircraft Corporation under the auspices of the U. S, Army 1 
tation Research and Engineering Command, presented herein 1 
that this Is possible. At the same time the test results d 
that these conditions are obtainable in a vehicle which utl 
one basic propulsion system to obtain hovering flight throu 
itlon to forward flight by means of ducted airflow rather t 
turning either the propulsion system or the vehicle Itself. 
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Although the main purpose of this program was to demonstrate tea 
ibility by obtaining basic research data, It will also be shown 
substantial improvement of the system is now possible //1th u 
matlon collected as a result of these test 
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LIST OF SYMBOLS 

Dynamic Pressure at the Rotor Disk (Lbs/Ft2) 

Free Stream Dynamic Pressure (Lbs/Ft2) 

,Inlet Dynamic Pressure (Lbs/Ft2) 

Dynamic Pressure at Exit Nozzle (Lbs/Ft2) 

% - qi 

Rotor Disk Area (Ft2) 

Inlet Area (Ft2) 

Exit Nozzle Area (Ft2) 

Rotor Diameter (Ft) 

External Drag (Lbs) 

Thrust when doors are 100^ open and the model Is In 
the hovering condition. 

Thrust vector obtained when doors are In any intermediate 
position. Including fully closed 

Tots] Pressure Head (Lbs/Ft2) 

Input Horsepower calculated from Input torque 

Horsepower required 

Rotor' Advance Ratio 

Lift (Forward Flight) (Lbs) 

Rotor Figure of Merit 

Rotor revolutlons/Mln. 

Static Pressure Head (Lbs./Ft2) 

Input Torque (Ft-Lbs) Measured at rotor hub 

Volume of Air Flowing/ Unit of Time 

Balance of Symbol's on Page 69  .pull out when readinp- 
text. ' & 
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SECTION I. INTRODUCTION

The helicopter has evolved as the first practical demonstration of 
a vertical lift device, but whose forward speed eapabllltle:; are 
limited mainly because of compressibility effects at the tips of the 
advancing blades and stalling at the Inboard pa»'t of the retreating 
blades because of high angle* of attack.

In order to extend the forward speed range of the helicopter, and 
yet retain the vertical lift advantages, many Ingenious Ideas have 
been advanced. Some of these Ideas have been realized In the form 
of actual full scale flight vehicles. At one end of the spectrum 
are those devices which either utilize additional propulsion systems 
or turn the propulsion system to obtain various BK>des of flight. Cn 
the other end of the spectrum Is the high speed Jet type aircraft 
with sufficient thrust to weight ratio which permits It to hover and 
rise vertically. Transition to forward flight Is usually accomplish­

ed either by rotating the fuselage or by rotating the propulsion 
system and/or ducting the air through a 90° turn. Many other con- 
flgura^-lons have been evolved between tnese two extremes.

Since It Is difficult to improve on the helicopter as a vertical 
lift device and, In the aame sense, since a wing la a very efficient 
lift device In forward flight, a system was devised utilizing both of 
these approacheo which It was felt would achieve transition from hover­
ing to relatively high speed forward flight with one power source and 
no rotation of either the airplane or the rotor axis. #

The system so devised was In general to bury th- rotor within the 
wing, ai;h the rotor shrouded In such a fashion that the air passes 
through It axially ;'egardlese of the flight regime of the aircraft.
In hovering flight, louvres In the top and bottom wing surfaces are 
opened, allowing air to pass through the ship vertically. To 
accomplish transition, the louvres are elooed In a pre-determlned 
sequence and rotation of the thrust component Is obtained by a 
change In the direction of the airflow. In for-ward flight, the air. 
er.-entlally. enters at the leading edge, passes through another 
series of turning vanes Into the rotor, then through another serler- 
of turning vanes and exits at the trailing edge. Thus, the airflow 
providing the thrust would be cha.nged the necessary 90° to permit 
transition from vertical flight to forward flight, and vice-versa. 
Figures 1 and ? depict the flow path during hovering and forward 
flight conditions.

olree no experimental or theoretical date was available on which 
to la*e engineering cstlmatCF. nc specific performance for suen a 
vehicle could le entl-ely evaluated.

■Ut<cuiS'.riLu
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As a result, the program now concluded was sponsored by the U S ' 
iu-'my Transporatlon Research and Engineering Command to obtain data 

vehicle?   ^ lJSed f0r ^ evaluati0" of  the perLmance of such ' a 

The program was planned to follow three basic steps 

f^rt SL^Tf a.reifmlr:iary ^nflguratlon analysis 
te,.t bed  Using the theoretical , data obtained from 
the requirements for the wind tunnel test model were 
The second portion Involved the design, fabrication, 
the model and analysis of the test results in terms 
.finally, the test data was interpreted in terms of test bed hnv^ 
power required and forward velocity attainable 

The fir-t 
of the flying 
this effort, 
established, 
and testing of 
of model data. 

. 1 
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1 I 
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SECTION II. PRELIMINARY CONFIGURATION ANALYSIS

A. CONFIGURATION PLANFORM * AIRFOIL SELECTION

Preliminary effort was expended In determining a feasible planform 
geometry for the overall configuration. Tailless and conventional 
configurations were analysed In conjunction with rectangular and 
delta /»lng planforms to determine subsequent power requirements.

For the tailless configuration It was necessary that the rotor axis 
be on or near the c.g. for hovering trim, a^J that the wing a.c. be 
on or aft of the c.g. for forward flight. Incorporation of rectan­

gular planform would necessitate excessive wing areas to satisfy 
the above two requirements. This results from the fact that the 
centerline of the i-otor Is placed at approximately the 25*t chord 
which means that the rotor occupies 50^ of the wing chord. The 
remaining 50^ of wing chord, and Its correspondingly large area 
are Ju:?t to staMllae the ccr'’lguratlon.

FORWARD AFT

An Incres tt In wing aspect ratio will be acconpanled by a desir­

able rear-;ard shift of the «.c.. tut would be offset by the In­

crease In wing area and a cornerponding Increase In power require 
merts.



REf!*rTf»J TT PBFIT.TMTMAWV CONFIflURATlON ANALYSIS
AMCfurr

flFB REV.

1
2
ia

.?
‘ t

A similar ralatlonshlp ean bs shown tc4wxlst for tha dalta wlQg.plan- 
form. An Inhersnt advantaga of this type of planform Is tha mora 
aft location of tha a.o., however, assuming the inlet geometry re­

quires that tha rotor circle be Inscribed In a square whose front 
comers cannot protrude beyond the wing's leading edge, a further In­
crease of the ratio of wing to disk area results.

#

The weight and power requirements necessary for this type of config­

uration suggested Its abandonment In favor of a more conventional 
layout consisting of a wing and separate aft-mounted stabilising 
surfaces. A few of the more notable advantages of the tailed con­
figuration over the tailless design are:

1. The area required for stabilising purposes need 
be only one-fourth the wing area.

2. The power requirements for hovering are consider­
ably less.

3. A proportionate decrease In gross weight and drag;

A. A more convenient location of the c.g. and rotor 
center on the wing chord.

It Is believed that the thick airfoil section necessary to house 
the rotors, ducting, and engines will not be appreciably detrimental 
In drag. Because of the flow through the airfoil It Is fe *; that 
the drsg wake will be appreciably changed to yield a total drag less 
than would be realised If there were no flow. It Is further be­

lieved that a thinner airfoil section with flow would not yield a 
total drag much less than that of a much thicker section with flrw.

B. PRTIMATED PERFORMANCE

The performance requirements for the flying test bed were deter­

mined based on obtaining a maximum sp^ed of 200 MPH at an altitude 
of 6,000 feet. Dual-rotor configurations of aspect ratio 1.55 were 
considered throughout the study. Rotor diameters from 10 feet to 
25 feet In diameter were Investigated, but In each case the rotor 
housing was of minimum else to house that pair of rotors. A propul­

sive efficiency at 200 MPH of 0.65, as estimated by Internal flow 
analysis for these conditions, permits presentation of power require­
ments In terms of pros- or Inrtalled horsepower.

Figure 3 presents the curves of horsepower required to hover at 
varying gross weights for three rotor diameters. These curves are 
bared on the assumptions that a nominal figure of merit of 0.65 can 
be attained. With proper blade df.slgn this efficiency will not re­
duce with Increa; Ing <-ilsk loading.

Figure h presents the gross horsepower required tc meet the forward 
flight requlrrmentr f.->r rotor diameters from 10 feet to 25 feet a 
thru's wing loadln.’s. This curve is based on the ss.-umptlon that all

■jrjClASSlFlEB
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tb* n«c«i««ry ••rodynamlo lift it produetd by tht rotor housing at 
erultlng tpetdt.

From curvtt, •'ourrt of allowtblt grots wslght In hovering
esn be computed bated on the power required for a forward flight 
speed of TOO MPH. Figure 5 presents this analysis In solid line 
curves. Superimposed upon the allowable lift curve Is the esti­

mated test bed weight curve. It Is seen that a deficiency In hover­

ing lift occurs at below a 14.5 ft. rotor diameter because the horse­

power required to hover exceeds the forward flight horsepower while 
a surplus of lift occurs sbove this dlsmster.

The Convoplane concept Is Intended to present s shrouded rotor op- 
erstlng at or near normal helicopter disk loadings, but capable of < 
higher maximum speed. Hovering load carrying capabilities at rctor ' 
diameters In excess of 14.5 ft. are higher than the nominal weight 
when power Is limited by forward flight condition.

As determined from Figure 5 the load carrying capabilities at hover 
for a 18 ft. diameter rotor will exceed 30^ of the nominal gross 
weight. This allows the versatility In operation considered desir­

able by the military.

C. PROPOSED FLYING TEST BED

The wind tunnel rodel was based c+h tfie preceding configuration 
analysis. The results and conclusions of the wind tunnel teste are 
presented In Sections IV and V.

Essentially, the characteristics established In paragraphs A and U 
are still the primary goals for the test bed, but based on the pro­

pulsive efficiencies obtained from tne current wind tunnel tests, a 
vehicle capable of 145 MPH is feasible Instead of the 193 HPH pre­

dicted. This of course assumes no further Internal flow Improvement.

Figure 6 sho4S the predicted forward speed based on theoretical pro­

pulsive efficiencies, and the forward speed obtained on the basis of 
efficiencies derived from test results.

Table 1 gives an estimated weight breakdown for the test bed and 
Flrure 7 Is s three view drawing showing the general configuration 
of the test bed.

The general specifications recommended for the flying test bed are:
Span

Rotor Dla.
No. of Passengers 
Estimated Weight 
No. of engines 
Forward speed

41 ft.
18 ft.
2

7598 lbs.
2 - T53-OE-''. 1050 3.H.P. ea. 
145 - 193 MPH
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PROPOSED CONTO PLANE TESu; BED WEIGHTS 

o 

ITEM 

Engine? Section 
(Eng ine; ■ , mount s, shaft s, c001ing due t s, 
lubricating system, fuel system, rotors) 

Fixed Equipment 
(Instruments. controls, communications, 
furnishings) 

Structure 

a. Tall Group 
(Horiz0nta,1 tall, rudder:: , b00ms) 

b. Body Group 
(A i 1 e ro n s , c re w po d , ro t o r s u ppo rt 
booms, leading and trailing edge 
beams, center section, tip ribs.) 

c .   B 0 d y G r o u p (C 0 r \ t' d ) 
(External skin and fairings, doors 
door' operating mechanism, turning 
vanes, r01 or d ue 11ng) 

d. Landing Gear 

e. Pay Lord 
(Crew, fuel, oil, carg0 (test 
Inst.) 

TOTAL 

WEIGHT (Lbs.) 

1569 

114 

48? 

1591 

2377 

120 

1140 

7598 lb 

1 
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SECTION III. DESCRIPTION OF WIND TUNNEL MODEL, TEST EQUIPMENT
AND WIND TUNNEL TESTS

An attempt was mada to design a model which would contain a 
degree of flexibility In order to yield sufficient test data which 
would permit the necessary variables to be evaluated for the even­

tual design of a flying test bed.

A rotor system was Incorporated that was capable of simulating the 
use of either single or multiple rotors. In each of the .wo rotors, 
either single rotation or counter-rotation could be used. The rotor 
hubs were so designed that a minimum of two blades or a maximum of 
six blades could be Installed, thus permlttlrg the evaluation of a 
large range of rotor solidities. Collective pitch change of the 
blades was provided for In the hub design In order that various blade 
angles could be Investigated.

For simplicity of construction, the cross section of the tlad^ was 
of a Clark Y shape with constant chord. A varying twist of 19” from 
root to tip was Incorporated.

In order to assure axial flow throvgh the rotors at all times, a 
set of turning vanes was Installed both above and below the rotors.

A series of movable doors or louvres were placed In the upper and 
lower wing surface:* above and below the turning vanes. There doors 
were adjustable from full open to full closed. The power system 
consisted of a hydraulic motor driving through a gear box and timing 
belt arrangement to the rotors

The Instrjmertatlcn for evaluating the internal flow uhsracterlstlos 
consl ted of total head and static head tubes placed throughout the 
model. They were Irstalled In the Inlet at the front of the model, 
above the reborn, below the rotors, at the exit In the rear of the 
mo<’el and on the upper and lower doors. The press i.-ee were either 
picked up on manometer banks or through a scara-valve Into an op- 
c11lograph.

Torque measurements were taken from strain gauges mounted In the hub 
of each rotor and recorded cn an oscillograph. Tlie strain gauger 
were mounted so that the torque Imparted to each rotor did not In­

volve the hyuraullfc motor or gear box. Much of the data was then 
taken from t^e oscillograph tape and processed through IBM machines.
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Figures 8 through 17 show the model, its components and the Instru- 
mentation arrangement. 

The wind tunnel program was divided into two parts.  The Internal 
flow evaluation was. made at the Goodyear Aircraft ^!3" by 6l:! wind 
tunnel while the force measurenent3 or external flow evaluation was 
made at the University of Detroit 10' by 7' wind tunnel.  The rea- 
son for this was the desire to test the largest possible rotor 
f'ize, which was too large for aerodynamic tests in the GAC tunnel. 
Since the configuration was not considered optimum, no attempt was 
made to evaluate it as such.  The main effort was expended in try- 
ing to determine how the model reacted to different modes of flight. 

Seve ra 1 arb 11 rary de 
the doors or louvres 
acted in a manner si 
drawing air from abo 
full closed, then th 
the leading edge of 
edge. Arbitrarily, 
exit was made 60^ of 
below the rotor open 
almost any ratio of 

clslons were made in designing the model. When 
were full open, it was assumed that the rotor 

rnilar to a helicopter In the hovering condition: 
ve through the rotor.  When the louvres were 
e air had to enter the rotor from an inlet in 
the wing and leave at an exit In the trailing 
the inlet was aade 25$ of the rotor area and the 
the inlet area. By leaving the doors above and 
at partial, settings, it was possible to obtain 

inlet and exit area desired. 

!ome of the pertinent data for the model Is as follow: 

Span 
Chord 
Wing Area 
Hotof Dia. 
Hotor A rea/Ho tor 
[nlet Area 
Exit Area 

4.1,00 .nches 
27.50 inches 

112 7.50 inches 
,00 Inches 
,765 Ft1' 
,47- Ft2 
.294 FtL'- 

* 8 

45 v 
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SECTION IV. DISCUSSION OP TEST RESULTS

A. INTERNAL AERODYNAMICS

In th#» OAC tunnAl, the internal ducting was the only Item under eon* 
Blderatlon and the tunnel acted only as a souixe for ram air. The

divided Into two parts. Part one covered hovering flight 
conditions and part two covered forward flight conditions. The 
results of the hovering flight ^ests will be discussed first.

Since the air flow through the Convoplane In the hoveMng attitude 
encountera a set of doors and a set of turning vanes, both above

“** necessary to d'-termlne the penalty 
paid for this flow condition. At the same time It was desired to 
evaluate the effect of various rotor oonflgurstlons. Therefore,
rotor configurations consisting of 
(B) U blades-slngle rotation and (C
selecved. Each of these conflgurat*w..„ i,uin wawm 
Ing vanes and doors Inj turning vanes In, doors out; and turning 
vanes and doors out.

A) 2-blades-slngle rotation, 
2-blades-counter rotation were 

one were tested In turn with turn-

Actually, rotor configuration (A) was necessitated by the fact that 
conducted at the University of Detroit were done 

B-blsdes-slngle rotation. This was a result of blade damage 
suffered at the beginning of the test program and the fact that' 
replacen.ent blades were not available in time to Instrll for fur- 
ther tenting. In order to get correlation between the tests at the
fiiuJlMnn "®®*®°***y to Include this con­
figuration on the OAC schedule.

UrIng the results of the tests conducted at the University of Detroit 
sc a guide. It appeared that a blade angle setting of 10° produced 
the test results. A few preliminary runs at blade angle of I50
♦ verified this. At 1S° a reduction In effectiveness of

‘oough disk loadings were 
not possible for ths rotor speeds used. It should be pointed out. 
however, the blade angle of 10° may not be optimum, but did yield 
data representative of the rotor performance. When spea'ing of 
blade angle setting In thl- report, thin will be the angle at the 

radius of the tlade.

Figure :e shows power loading vn disk loading valuer obtslned at a 
bla-e angle retting of 10 with doorr and vaner In for the throe

L. ISlESl
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ssi/r'“h.d”s%r«JSf5s:s‘?5r ”;‘;?.us^T4rh ^
fuming vanea with the turning vanea making the principle contribu­
tion to thla penalty.
It appeara that for the range tested, Increaal^ the 
bladea*from two to four blades ahowa a alight 
TOwer loading va disk loading curve with a more
Knt appearing when counter rotating rotora are uaed. It "Jould be
pointed out that when counter-rotation waa
iSiSr bladeo were aet at the aam blade angle, ^larea^
lower rotor absorbing approximately .9 boraepower of the upper
rotor. Improved performance could probably be obtained h^ ir
the upper and lower blade angles were choaen ao that both rotora ab
sorbed equal amounts of horsepower.

At this time a word should be said about torque Jrjf = *
out the test program, torque readings ®®r® iL^Slrtlcula^^The readings appeared to bo quite conalatent for any pemicuiar
blade angle setting and RPM combination regardleaa of ^^®tb®^ the 
nodel III in hovering or forward flight with or without the tunnel 
ooeratlng In other words, any particular combination of **®tor 
Slid! anSie and RPM gave, for ill practical purposes, one reading 
roJ thJ ra^e tested. Figure 20 la a plot of horsepower va RPM 
for the thme rotor configurations
power values used In calculating power ioadlngs and ®fjtclenclea 
iS this report. Tf.ln was permissible since it ap^ared that the 
rotor- were oblivious to the flight attitude ^be 
SSwer requirements being dictated by their particular setting.

The disk loadings and power loadings were obtained In the following 
manner.

1. q values measured beneath the rotor when averaged yielded 
the dirk loading, directly In #/ft^.

2.

5.

The hovering thruat wa:^ defined by T« Aq where A»T-otcr 
dirk area: q*#/ft.* of disk area.

Power loading war then obtained by dividing the thrust In 
pounds by the horsepower calculated from the torque for that 
particular setting.

k, Horrepover war calculated from the standard equation.

uiSffiSSihLy
.> ..j
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HP-a • where Q—Torque In Ft. - Ibe.
525J

hiriAii. ‘jjiir-ni •
‘^*{oTo!?oX%a^5Jp:^5?nfr;Hr

confIgurttlon usei.

FlBur» 21 .ho». • plot of efflolorcy (t\_) V. for > 2-bl.dea

;S:!S^mS's
ina configuration. As was mentioned earlier, it was
teet thle^conflgux'atlon in order to obtain correlation with the
University cf Detroit tests.

Flnr. 22 8h«. * plot or orricloncy v.^for * 2-bl.ded count..-
ND

rotating rotor. It will be noted here that the 
efficiency shows a marked Improvement, being about 30.5^
Intei-nal flow efficiency Is about 357.

-Inee the configuration tested did rot represent optimum, the
'.f?UU^cin obSlnid S..»n.tr.t. th. f,..lbllltv of ‘►'If 
slve concept. It can be Implied from these two cu^es that **hen 

o"^™rirrinF.,.«nt 1. ibt.lr,.d much bott.r .fflol.ncl.c -111
be available.

During transition from hovering to n\’imaTf'‘7*o?- Tm

J?J!!''®T.-.rflrjrjon5niJn®IlSr7^ cf*tJe'*dlsk •;«{
of the dl"k area. Figure 23 represents a relationship between 

tSt ?or^I vJ tor SJ?ilned in holering and the
r..«« ar^ Incermodlate door opening to doors fvil closed. The .olid 
lire of Figure 23 represents the relatlonnhlp when the deers were 
piSJrSimiJ^rouUlnJd above. A sh.rr drop off was obnerved dowr, tr.

setting, thn^ a more p'radual drop from thl. point, to t.ie 
doors full closed condition.

1 -i
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tllSSSSp..
type of presBuro change that occurs through tha ducting ■yjj®® 
blade angle of attacK le changed. Figure 29 ehowe a variation of 
pressure with power Input. Examination of the curve show in Fig­

ure 2fl shows agreement within 55« of the volume of air flowing 
through the inlet as compared with the volume of air flowing out of 
the exit. The rame la true of the flow throiigh the upper rotor as 
compared with the flow out the exit. It It when the flow below the 
rotor Is compared with the exit flow that a discrepancy appears.
Here the correlation Is only within 30?^. Based on these te.-t results, 
It •pp€®ra that th6 lo'nrar rotor bladca ar® not fully affective at 
the tips. Assuming, for a moment this Is the case, a calculation 
was made in order to determine the effective area. It was found 
that the blade radluc of the lower rotor could be reduced by app­

roximately cne (1) Inch. This In turn would permit the ducting 
rhape to be modified. If further testing proves thl;- condition to 
actually axlst, the propoed modification should also result In a 
mere efficient power input.

Figure 25 shows that the pressure distribution across the Inlet and 
exit Is reasonably good. Examination of Figures 25 and 27,chow 
that the pressure polrt readings across the rotors, both above and 
below Is somewhat erratic. This was probably due In part to aome 
faulty p"esBure taps, but It Is believed that most of the cause 
could be attributed to the fact that the model was not operating 
at the optimum blade setting and that the optimum arrangement for 
the tjmlng va» > was not established as yet. Due to the fact 
that a larira portion of the pressure Instrumentation was destroyed 
by blade damare this area was not Investigated further. Since de­

termination of feasibility was the main objective, temporary pres­

sure taps were later placed beneath the rotors in order te obtain 
sufficient data for analyalng hovering flight.

As prevle-.oly mentioned,Figure is a diagram showing the location
of the p.essure tubes In the model. .Since the velocity In a *luct 
la seldom uniform across any section, and since a static and total 
tube Indicate velocity at only one location, a traverse 1’. ue- 
ually made to determine the average velocity so that flow can be 
ernputed. In general, tbe velocity Is lowest near the edge.- or 
comers, and greatest at or near the center. In the cane or a 
circular duct It was recommended that not leaf than twenty be u-ed 
along two diameters at canters of equal annular areas. Eecaure of 
the unusual amount of additional aquirment In the ducting, It wa-» 
believed that additional traverses at ^*5'' would be advantageous.
In det^rrr’rlrg the average velocity In ttie duct from the readlnga

6
f
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glvtn, th« calculated lndlvl(*ual valocltlaa or the a^ara roots of 
the velocity heada must be averaged. It la Incorrect to use the 
average velocity head for this purpose since a square wot wlatlorv 
ship Is Involved in this calculation. Therefore,-the dynamic pres­

sure q was determined as follows:

'Javg. IJH; - 1H2 - ?2 ♦ . . . - P,Q

where H* Total pressure 

PxStatlc preisure

In the brief time remaining In the test program. It was desired to 
run a few check points In order to demonstrate that Improvements 
could be made In the forward thrust, when the doors were fully cles- 
eJ, and that a more aUvantageous door closing program could be ob­

tained that would provide a laigcr available force vector during 
transition.

Since a Isrge number of door settings relative to each other wault 
In a given percentage of disk area, thete se'^lnge may 
arbitrary. So two intermediate points were once more picked. The 
doors were ef.ch set 20° and from the full open position which 
gave 88^ and 55^ respectively for the door open area to disk area.

The dotted line In Figure 23 represents the change ln.|^alue. It

will be noted that a more advanta*reoua condition was created down 
to the 50^ position. In order to Improve that region between 50^ 
and full cloned, It was decided to attempt to show that the forward 
fight condition can be Improved. Definite improvement was shown 
when the counter*rotating configuration was uted. Further analysla 
of the flow conditions beneath the rotor showed that a starved con­

dition appeared at the aft end of the rotor. Since it has been 
theorised that this condition might exist and that It might be 
necessary to operate at all tlir.ss with wor.* of the aft doors open, 
the last three doors were partially opened. An Immediate Increase 
In thrust was noted. The Improvement by changing the rotor config­

uration and the last three door openings Is shown by the dashed line 
In Figure 23.

Au previously mentioned, rotor blade damage occurred during test 
operations at both the OAC tunnel and at the University of Detroit 
tunnel. Chronologically the fallui'es occurred a- follows:

1. At Good-..ar- A'rcraCh Corp. 1-d-O”

?. At Orodv^ar A ire-aft Cr rp.

1 ’

I
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I »
3. At IJnlvtrtlty of Dotrolt 2-6-^8 

A. At Ooodyotr Alroptft Corp. 3-12-58

Th# proeoduro followod up to tvt tlm of fAlluro Hu«t)Or 1 w»t 
At followit

(a) Tunnol wtt brought up to tpood and pormlttod to ttablllia.

(b) Tho modtl wit thtn brought to power and tho roeordlng of tott 
date Btarttd.

This proooduro wat decided upon prior to the beglnnli^
• natioriB beaeute It was obteinfed that the tranialetlon had a ten 

llltll It las on the seventh run with the tunnel op- 
ISllni a? Sip.h. ISd ?Ke sSdel being-brought to 7^

“fn*.s5;Msr??n:.s a?”;? s: "my-tj.
(‘»2)~stsMo tubes were damaged beyond 
situation It was decided that by using the method 
brlnitlng the tunnel and model to speed tbac an unusual 
dltlon wa« placed on the blades which caused
Tt MAM then decided to reverse the procedurei l.e.» bring the model 
ll lllel ?SeS*UJJ? ile"?unnel. A Slose chocR had to be mainlined 
cn the transmlSBlon becaune of the boating pwblem, but 
went on. the tranamlfslon heating was gradually induced. This math 
od of operation proved to be successful and was used throughout the 
remainder of the test program.

Failure Number 2 occurred when the circuit brfiker ®?"trolling the 
hydraulic pump kicked out. causing the ^lel Jo
before the tunnel could be stopped. This, J®t “J Jbo
sa*»»e conditions as those which occurred at the time of tb®^lj®t 
fJuuJe: Again the two blades in the upper rotor were Jadly dam­

aged and another quantity of oressure probes 
thin time It became neeer.sary to cea..e test operations at oAC 
iJd t^J^fer thriSdel to the University of Detroit. The two sub- 
■•fluent blade lallures occurred because of foreign mstter passing JliS" IS5 «?. not C.U..0 ty wy 
rr^nherent feature of the concept Itself. One ®®b»tantlatlng bU 
of evidence that none of the blade failures were due to any Inherent
fault In the concept was the fact that n^th*Mtors were
the blades In the unlnstrumented half of the model. Both rotors were
identical In terms of construction and ^ijj® JIJ*J5*?JgI:ii^%,.ure 
flifr^rflne# lav In the fact that it wan necessary to instsii pressure
M«;”Srin*tr;^rt.tl*n do., to th. pUn. of
that this wan done on one l.alf oi the node! only, jhe Imtallatl

UNCLASSIFIE!)
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cept. ^
Th« curv*8 of Figures 81 »ud 28 were developed from the following 
•nelytleel epproech.

1 ; Jet efficiency was defined es
2 Vft where V© 

Vo ♦ Vj Vj
a Free Stream Velocity 
a Jet Velocity

^ -J
Vj g(q,

L f -

where Qt = Dynamic Pressure In

A qw* Q« - Ql

Qa ss. Dynamic pressure at exit 
noaile In i/Ft^

Ql = Dynamic pressure at Inlet In 

Interral flow efficiency was riven by

n sV ” b^O X HP in.
where OfeA, V^and “ Exit H<^Mle area

in

« Velocity of a'.rstream at 
the exit notxle

^e^^ qe~

fv^rs’l F .'p:l.!lve efficiency

^ • A5 >• 'll
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H ■ Tot»l ftoftd In #At*

* P » Static Head In

The curves In Figure 23 are based on tha followli^ definitionst

^100 » Thrust whan doors are 100J< open and the nodal la In the 
hovering condition.

Fn m Thrust vector obtained whan doors are In any Intamadlata 
position Including full closed.

TlOO

Thrua» vector obtained In transition '' 
Hovering ihrusl —

B. EXTERNAL AERODYNAMICS

The same model that was tested at the Ooedyear tunnel to obtain 
the Irterral flow characteristics was taken to the University of 
Detroit wind tunnel to Investigate Its external force properties.
This model was a flexlble^conflguratlon capable of simulating vary­
ing flight conditions. Modifications were possible In (1) rotor 
blade angle,^, (2) Variation of Inlet and exit area by varying 
top and bottom doors, 0. and (3) Variation In rotor power and RPM. 
When mounted in the tunnel further variations In angle of attack 
and forward flight speed could be simulated.

The scheduled test plan was based on two weeks of data collection, 
however, due to the long Inrtallatlon and a model blade failure, the 
actual data collection time was reduced to one week. The model blade 
failure also required a change In the preplanned blade configuration 
from coaxial operatlon-4 blades to single axial operatlon-2 blades, 
nils change seriously effects the blade activity factor as well as 
permits higher rotational losses. Because of the extensive number 
of variatlen and the complexities In model changes, only a small 
portion of the anticipated points could be run. On the spot modera­
tion of the test runs was relied on to assure coverage of the most 
effective parameters. As a result of this situation It was necessary 
to choose between running In or out of ground effect although both 
were scheduled. Since Installetlon of the ground’ board woUld have 
resulted in further delay. It was decided to ‘.un out of ground effect* 
Upon rettim of the model to OAC where further Internal flow testa 
were conducted, it was possible to obtain limited data In the hover­
ing condition in ground effect.

k
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Th* r«tlo of ground distance to rSotor diameter i used in obtaining

this data was .77. Analysis of the data revealed that the rotora 
operate ^re efficiently In ground effect as shown In Figures 30 

Bufflclent data was not available to correlate this 
effect with the external forces acting on the model, since use of 
the force system In the OAC tunnel was not possible. It is, there­

fore. concluded that more complete teats will be necessary before 
any trends or significant conclusions can be established.

The measuremente taken at the University of Detroit were the lift 
moment, the resultant horizontal force tTH-EM), and rotor torque.’ 
Investigations were also made to evaluate the effect of some minor 
components. (1) Hov^lne with and without the doors was Investi­
gated. (2) In forward flight the effect of vanes (doors) vs. plates 
was obtained. (3)A tall-on, tall-off run was made to evaluate

the installed tall. (4) Special runs wero msde to 
obtain the drag-lift polar at high speed, without model power.

During the Initial testing it was found that the magnitude of 
thrust obtained was far less than expected c.ue to the limiting fac- 
tors mentlrned above. Since negative thrusts were not a realistic 
flight cond-tJon, the tunnel velocity was limited to a speed at 
whlch(TH-Dn,)was only slightly negative. A tabulation of the teat 
^ns Investigated at the University of Detroit are presenteo In 
Table II, Figure 32.

Reference 7, which was used In the following evaluation of the 
external tests, Ic a factual presentation of measured values ob­

tained In the Unlver'ltv of Detiolt wind tunnel.

1. Polars

-Is efficiency of the unpowered model, lift
and drag jjjea.-urements were made to develop the polar curves fcr the
to"5iS;» power and with platen on

cloted position. The Inlet and exit
Th 4 can only be viewed from
thr n .endpoint of what would be happening under gliding conditions

forward fllgnt velocities of^approxlmatJiy 
^0 and 100 MP!.. Figures 33 and 34 ehow the curves developed from

for coiiparlson are two conditions using 
model Po^e.. It can be seer that with the application of oower in-

lal*c*anffe^iI^rJI''''* sSccrearcr In dn.g can be expected. The sutritant-
flow Ixl^tllff "?•' ^ ^» lt)utable in part to free streamriov. exl. ting In the Internal system, thus changing the drea Th^r-..

investigate the effect of directing the

i'^'llcfted that substantial Improve- 
mr-nt In t..e lift and dr»>g cf the bod;’ can be reillred If clone ^

■I

(• 
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attention is paid to feeding the exit flow Into the wake.  This 
nould probably bent be done by a form of variable area exit nozzle. 

Due 
1,3 J o 

Ins 
wit 
tlo 
Bho 
fie 
wll 
ion 
imp 

to the complexity of el 
tern from the tunnel meas 
lead an approximate tare 
h Increases applied for 
n of .08j was used. The 
wn in Figure 35. Althou 
ct a highly efficient 11 
1 prove beneficial in in 
will have the effect; of 
roving the efficiency of 

iminating the tare drag of the mounting 
urementSj no corrective runs were made. 
drag was computed for the strut system 

the interference effects.  A tare correc 
polar curve based on a corrected CD  is 

gh the curve as presented does not re- 
ftlng surface, external modifications 
creasing the lift, while powered operat- 
decreasing the true external drag, thus 
the external lifting surface. 

A special test run was 
vs closed doors.  This 
It was found that when the doors 
ed slightly over the drag of the 
leakage of air in and out of the 
la:'er control. 

made to evaluate the effect in drag of plates 
condition would occur at high forward speeds. 

were in place the drag was reduc- 
smooth plates, possibly due to 
system, which created some boundary 

2,  Hovering 
Shown in Figure 36 are the results of the hovering flight analysis. 
The direct lift readings obtained during the test were divided by 
the model disk area to yield an operating disk loading T/A.  During 
each test run, measurements of torque on the rotor shaft were taken. 
Presented in Figure 37 is the measured torque represented as model 
horsepower varying with RPM and blade angle.  .From the measured 
lift and horsepower the power loading T/HP can be obtained. 

com 'ißcure 1 cai 
i t s re a s 0 n ab 1 e h o v e r 1 r 
helicopter rotor desi-s 
the order of 0.7. 

be seen that the configuration tested exhlb- 
g capabilities at optimum disk loadings.  Good 
n is expected to yield figures of merit in 

le configuration tested Is yielding an M^0,r3- 
It was necessary at th 
to modify the rotor co 
c 0 u n t e r - r o t a 11 o n a 1 10 
activity factor to two 
co-axial operation of 
could Increase the fig 
d1s k 1o ad1ng s. Th i s h 
the attainable value t 
Although the model tes 
lencies occurs with in 
iciency which increase 

e onset of the University of Detroit tests 
nfiguration from four blades -• coaxial, and 
two blades single rotation.  Increasing the 
, four or six blade operation and including 
both rotors to reduce rational losses, 
ure of merit to between 0.6 and 0.7 at optimum 
overlng efficiency if realized should bring 
o that assumed In the proposed test bed design 

indicates that a decrease in hovering effic- 
creasing disk loading, this decrease In eff- 
s the power required, can be compensated for 

by an increased number of blades with optimum blade design 

M.. 
Bo 

1 

■9 

A special run was made to evaluate the effect of having the doors 
in the flow during hover. Comparing runs at high blade angl2, re- 
moval of the doors Increased the obtainable lift approximately 5^- 
IUJLS   vaj.uc   miOWe   gOOü   t;uj'X'eiauiOri   wxvn   Cue   IcSuXuS   uu^aj-Ocu   ä. luiu   tue 
internal flow V N^ w V .Q « 
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3.     Forward  Flight  and Transition 

lu0mutY!e  "^  and  resu]tant  horizontal  force,   TH.DM    obtained  from 
the University of Detroit   force  tests,   a  picture  o1? the  forward   Jn-ht 
and  transition  history  can  be determined/ The  resultant   force * 

bWklph?  flfand  f?oamntBlV?-?flty   ^^   y-}eldS  the  ^eed   ^r'equlll- ;,    I I.,7  PL     i   ;   a!ld   1 rom   the   llit   v«  velocity.the   lift  obtained   fnr> 
that  flight  speed may   be determined   (B) % Slnceno  tare  drar melsm^ 

"r^truto  anfln^'f101-1 ""'  ^^ oorrectio^to7 afecount" ^ lor struts  and  Interference  was  made  and  applied  to   the   (IS,  n   • 

(TH-DJ 

^;«^ 

(B; 

%t 

readlrlf«f^g.ihe   r?Cr^e?   data and   P1^"1^  all   continuous readings  as  above,   a  tabulation  of  equilibrium conditions  can be 

and  11?? af^M " f  ^"^ ?  at/0"sta^  -<    ^howing  equnibrium speed 
.P.   J     .at  each   d00r opening  0 and   rotor RPM.     The   use   of   lift   on 

efficients  for this deteminatlon was  abandoned  since C,   becomes 
in  i.ni.e  as-^eloclty  goes  to  zero.       This  would   Indicate  an  abnor- 
mally  high  horsepower   In the  transition  flight   range;     Knowing 

th^  tabula^ed^ata^cf?-1  0f RPK V^  dlSk   l0ad1^  ^  ^^ 
cross  plot  of  the   above 
on  the  RPM  curve. 

blnce 
curve 

om 
some  door openings  were not   tested   a 

used  to  determine  the  dotted'line wa. 

KPA1 ^ 

cnosspior 

From the^ tabulated equilibrium data a plot  of  velocity  rs RPM  ca>' 
oftnn.fonf^   i       '    ^/^P^^POsed  upon   this  speed   chart   are   curves 
vs RPM?   (P) loadi"ß  or  lift   as  obtained  from th.   curve  of T/A 
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Vn 

Vo 

RPM RPM 
During the tests at The University of Detroit, values of blade 
torque were recorded and later transferred to rotor shaft horse- 
power vs RFM as shown in Figure 37. For a constant lift of the 
rotor, IIP curves can be determined for the test bed. 

Shown In Figures 38 (a) through 38 (d) are the fitted variation of 
disk loading with RPM showing the agreement with the test equilibri 
urn points.  Since the greatest number of continuous measurements 
were made at an attitude of -i)0, all analysis is based primarily 
on this condition.  A check of the scattered points collected at 
other rotor attitudes showed that some improvement in power re- 
quired could be realized but these savings would occur at less de- 
sirabl.e f 1 igh t  cond it ions , 

The devloped horsepower1 vs velocity curve Figure 39 is expressed 
In Full scale test bed horsepower. This scaling of horsepower from 
the model to full scale can be done by assuming that the model 
and full scale power' coefficients are equal.  This yields a power 
.scale effect varying as the rotor diameters squared. 

full scale— IIP model  FD full scale 
L,D model 

The resulting curves Figure 39 indicate higher horsepowers than 
the preliminary design had anticipated but shows improved speed 
capabillt ;,es with lighter disk loadings. 

An attempt was made to verify the reason for such high horsepower 
requirements by calculating the propulsive efficiency of the system. 
The propulsive efficiency is found by determining the power absorb- 
ed by the air and dividing it by the power1 supplied to the rotor. 

The power into the rotor was measured in terms of torque on  the 
rotor shaft during the wind tunnel test.  These measurements are 
presented in Figure 37 in terms of blade angle arid RPM. 

20 
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'ehe air. thrust and velocity 
Measurments d.urlne the wind 

In evaluating the power absorbed by 

the reBu!?an? hoSzontl ^fn PUre ^rUSt and drag but 'athe- ^'"ed uue resuijanr Horizontal  force component.  An estimate of thp fhr.nc- 
can be gotten from the static conditions if it is assumed tha? t 

orbf ^ i what o'otU't? ^r1^ ^ ^ujl^^^^ 
thr.,Wt ^ S op"rnistj-c slnce from the Internal flow studies the 
thrust of the system appeared to decrease somewhat as speed increased 

From the curve of thr ••nation with velocity, static thrust 
equilibrium velocitlt ; .. be obtained to dnf^-\^  Tnt  r.             ^ 
r,n„>,orl K,f ,,^  ,    , ■ , ^^ ^ubc-tneu Lo aeiermine the power ab- 
sorbed b.v the rotor at various flight conditions. 

and 

the  calculated  propulsive  efflcl- Flgure  ^0  presents   the   results  of 
encles      The  deviation   seen  In  the model   efficiencies  from  thflt   -.. 

nnceP?he  lol^nL^  '?  '^^ blade  ]oad^- are   reasonable 
An^Ltension  of  ?hP^n? ^i   ^ thrUSt   lnt0  Hpeed   rather than  "•". >iny  extension  ot   tne   solid   line  presented   in  the   flrur-e   \P   lUrM-r.^ 
in wo ways. First,, the rotor inlet area variation in tenlrwa' 
limited to a minimum of 2^ Inlet, to disk nr^ ^fL- ^S wS t 
vond  this  pin-nr^  r.^-r«.^ tiT-b     ; ea  ratl0 '     somewhere  be- 
Dower will   IncrpLi  -^^f?-   starv  r!e  wll]   o^ur and  the  horse- powe     win   increase   radically.     Second,   rotor- tip  losses  will   occur 

o  will^e'ufrT   lncra;3ed  0Ver aPP'"oximatelv   12.000  R?M!    Th^'al- •o  will   result   in  an   increase   in HP. 

Figure   3Q  represeriLO   the optimum operating  blade  angle  for 
loading.     At  lower disk   loadinp-s  the  fUr-VPr   cn^ i   I  r , 
P-^ a  ^  toward  the  typJcai  hel'i opter ope'rat  on0"^?"1 

?' e"?lm:ro'Ut^nfrefr:e;;-|r '—epower occur dSrlng'trans 
At  the  time  o.   the  test  arbitrary  door  settings  were  eatabl 
L0  af^e  ^th  t^ose  tnat  were  used   In   the previous Lternal 
otudle.        Mo  attempt  was  made  to  optimize   the  door  settlnr 
to   see  the   Improved   effect   on  the   force data.     With  a more 

Jt'on ?hou^\StlJTnß710!: and rorceß' the horsePower05ur oib.on snoula be reduced and the curves approach those of a helicopter. kW uaou   L.RK..e  o.r   a 

any  dl;>k 
are   re~ 
higher 
111 o n . 
is lied 

flow 
in  order' 
thorough 
ing tran- 
typical 

u Stub  Wing 

tPrnS™0<
Bl

1"pt"0ri  l0^ Con"  ?lane  test  bed   to optimize the   In- 

power vs  velocity,   however,   will   still 
39-     A  reduction  in  rotor loading will   improve  V ~   snPPd nni^fi^J of  the vehicle. " ^»»px-uve   u...^   opeea potential 

ihe optimized  curves of norse- 
reflect  the  trend   of 

X O assist in the unloading the r aerodynamic surfaces might 
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be utilized.  All movable stub wings attached to the tips of the 
rotor housing would affect this task.  These wings should be op- 
erated at near maximum lift in order to reduce the speed at which 
they become effective.  Operating at these lifts the wing absorbs 
higher power than if operation were at (L/DM) max, but in comparison 
with the rotor power the wing demand is relatively low. 

To appreciate the effect of a stub wing installation two wings 
of an aspect ratio of 3 were theoretically applied to the test bed 
configuration. Wing areas of 300 and 500 sq. ft. were applied to a 
configuration having a Frocs weight of 7600 pounds. 

T/T Lift: (Stub 
Wing Area 300 Ft* 

Vel CvTFHjHPRreq'd 

1,5 (completely loaded rotor 
10 

8 

4 
o 

2C)10 
3530 
4550 
5570 
6582 

57.2 
68.0 
76.5 
85.2 
92.6 

46 

112 
156 
197 

5P0   ft2 

Vel  MPH HPR  Req'd 

44.3 36 
51.7 59 
59.8 88 
66.2 121 
71.8 153 

Typifying   the   horsepower requirement  above   is   the   following  curve. 
-AVAIL    >/ y 1 

HP X HPn   REQJ)  BY 
J STUB WING 

V C 

5. 
A;; 
exh 
sta 
are 
cer 
10 
e n u 
dit 
the 
max 
ent 
wel 

i.on. 
seen 
i b 11 
b 11,! 
a or1 

at 

! 1 naJ . 
'■- fere] 
any  f 

it ab 1111 y  a n d  C o n t no 1 
ice  to   Figure 4l._,   the  mode1!  with  horizontal .ail 

at 

t- 

Ilght condition neutral tc static negative pitch 
This then Indicates an addition to the horizontal tail 
ncreaae in its tail length is in order. Of greater con- 

n however, Is the lack of ability of the existing horizontal tall 
trim-out the pitching moment.  Figure 42 shows the pitching mom- 
of the mode] with horizontal tail for equilibrium flight con- 

Ion:;, i.e.. when lift; equals weight and thrust equals drag.  From 
limited tall-off wind tunnel test data, and an estimate of the 

imum lift co-efficient of the horizontal tail, the pitching mom- 
capability of the horlzonta: tail is defined in Figure 4l as 

1. Those operating conditions below the capability curve can be 
:rmied out in pitch: that area above the curve Indicates the de- 
iency of the horizontal tall. 

] I 

i! 

This brief analysis of pitch stability and control indicates that 
further effort must be expended, primarily by means of wind tunnel 
tests, to achieve satisfactory characteristics over the entire flight 
reg line. 
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SECTION V.  CONCLUßTOIJS AND RECOMMENDATIONS 

A.  CONCLUSIONS 

From the work accomplished so far, it may be concluded that a nmall 
penalty is being paid for the presence of doors and turning vanes 
in the vertical airflow.  Despite this, hovering efflclencler app- 
roaching that of helicopters are being achieved"     ^ci.e.   app 

In the forward flight regime the rotor appears to suffer no adverse 
t.low; therefore an arrangenient of rigid rotors with collective 
pitch control should produce reasonable forward flight propulsion. 

It has been demonstrated that the burled rotor-shroud a^ran—ment 
which is the nerve center of the Convoplane concept, provides all' 
the necessary flow conditions through turning of the air to produce 
hovering, transition and relatively high forward speeds. 

It has also been demonstrated  that with additional work the effici- 
ency of the propulsion system can be greatly improved   The'wind' 
tunnel model selected for this investigation has the flexlbiiltv 
necessary for the collection of basic Information and continued' 
scudles along these lines should be made. 

B.  RECOMMENDATIONS 

!>ri^f%feffibil^:; °f the COnCept ha:-; been P^n- " Is rocommenl 
eo that further studies be made to approach more optimum condition- 
wi.n Lhe various components of the internal-external configuration' 
upeciiiually, the following items are recommended. 

1 ...ince no opportunity to investigate the leading edge inlet 
or the exhaust at the trailing edge was possible, it is 
very definitely felt that a better shaped inlet and exhaust 
nozzle, with perhaps variable area control, will imnrove 
the flow conditions. 

An attempt should be made to shaoe the rotor shroud In order 
to Improve hovering performance. 

ThV,re of boundary layer control in the rotor shroud should 
ce Investigated. 

*" _y 
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! 

4.  The selection of more optimum door settings to obtain better 
forward flight efficiencies and Improved transition qualit-' 

since the door settings selected 
;hown  that 

should be  studied las 
for testing were quite arbitrary and it has been 
Improvement is possible in this area. 

5. An attempt should be made to arrive at a more improved rotor 
blade shape and a better twist distribution. 

6. It is believed that neither the number of blades or the 
optimum blade angle setting has been obtained, therefore, 
further study is warranted in this area. 

Y. No attempt was made to improve the turning vanes either 
as to shape, number; or location. This area should re- 
ceive further evaluation. 

8.  The power-off polar curves indicate that effort to Improve 
the external configuration is warranted. 

9. 

10. 

Additional horizontal tail area or tail length to that re^ 
presented by the model will be necessary to assure static 
longitudinal stability.  The problem of Inadequate pitch 
control exists with the model configuration at low speeds 
A continuing tudy 
control from hover 

Is necessary to devise means of pitch 
to the maximum flight speed. 

An Improvement In the external lifting efficiency will per- 
mit the Convoplane to have a higher speed potential.  The 
improvement may come from any means of reducing the rotor1 

disk loading such as obtaining higher lift from the rotor 
housing or the Incorporation of stub wings. 

The wind tunnel model as tested was evolved with but meager infor- 
mation and heavy dependence for its modification for improvement was 
placed on the internal flow investigation.  The curtailment of the 
Internal flow Investigation^ due In part to mechanical difficulties, 
prevented any optimization of the configuration. 

It is firmly believed that significant improvements can now be made 
in the recommended areas for further' investigation. These studies 
can be made during the preliminary design phase for the flying test 
bed and incorporated in the full scale model before the detail de- 
sign in initiated since the basic configuration is now established, 
and the areas discussed would not appreciably change the status 
of •• • 

Since the feasibility of the Convoplane concept has now been demon- 
strated. It would be well to point out what this means in terms of 
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future application for this particular vehicle. Here we have an 
aircraft with disk loadings and a hovering efficiency which approach- 
es that of a helicopter. In addition., it should have the forward 
flight stability of a conventional airplane.  All In all, the 
vehicle exhibits excellent growth potential. 

With the rotors buried as they are wit 
quite possible to operate in congested 
Furthermore^ when It is necessary to 1 
for short distances, the Convoplane wl 
tips provides a means of attaching sev 
a form Off flying, crane for this purpo 
cation Is the fact that several units 
ed location in a ferrying mission; the 
selves, or they may perform another mi 
be towed back.  The function just desc 
is an extension of a safety feature of 
engine failure occurs, the vehicle may 
This feature is made possible because 
plane possesses a low wing loading. 

hin the wing. It 
or partially ol 

1ft and transpor 
th flat endplate 
eral units toget 
e.  A corollary 
may be towed to 
n cut loose to 1 
ssion such as re 
rlbed Is posslbl 
the Convoplane, 
be glided to a 

of the fact tha 

1 rill I be 
eared  ar f as. 
t heavy loads 
£'l at  the wing 
hi ar to ta ecome 
t( D this ippll 
a pve-ue termJ 
and   by  t hem- 
B( :3ue and then 
e since 

Aihereln 
it 
.   1 f 

ife  ]an ding. 
Lt the Co nvo- 

The configuration is such that its final form can range from the 
smaller reconnaissance type airplane to the larger cargo carrying 
type of aircraft.  It also exhibits posslbllties of having STOL 
capabilities as well as VIOL, 

It in therfore recommended that a program be initiated ;or the 
design and fabrication of a flying test bed, which would incorpor- 
ate the features of the Convoplane,  By means of this test bed, it 
will be possible to obtain full scale free flight test data which 
would be direct];/ applicable to prototype designs for specific 
missions.  Information on stability, controllability, and general 
flight performance during hovering, transition and full forward 
flight will be obtained in true scale and would permit a realistic 
evaluation of Convoplane potential for Arm;/ uses. 
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Figure 1 Crcms-Section Showing Model in Forward Flight Attltu Jde 
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Figure 2 Cross-Section Showing Model In Hovering Attitude 
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ure 8 Front View of Model with Upper Doo.s and 
Nose Fairing Removed,  (QAC Wind Tunnel) 
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Figure 9. Top View of Model with Upper Doora Removed, 
Showing Upper Turning Vanes.  (GAC Tunnel) 
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P gure   10 Bottom View  of Model  with Lower Doors Removed,   Shewing 
Lower Turning Vanes  and Exit Total  & Static  Pressure Rake. 
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-ure 11 Top View of Model with Upper Doorr 
In Hovering Pn-ltlon (QAC Tunnel) 
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Flcure 12 Pressure and Torque Measurll   qulpment 
(OsC    -aph. Scana-Valver. & B: lance Box] 
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jure   13   Pressure Measuring Equipment   - 
50 Tube  Manometer Bank. 
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Figure Ik  View Showing Top Doors In Forward Flight 
Position (Urlverslt^ of Detroit Tunnel) 
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FlKure  15 Three-Quarter Front View of Convoplane 
Model   (University  of Detroit  Tunnel; 
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Figure  lb Three-Quarter Front View Shewing  Plates  Instead  of 
Doors  In Forward Flight  Position.   (U.   of D.  Tunnel) 
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Figure 17 Rear View of Model ohowlng Empennage and 
Exit Duct. (University of Detroit Tunnel 
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Figure   18  Pow^r Loading V.-.   Disk Loading 
(Convoplafc  Model  Te.'tr) 
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Figure 22 Efficiency va. Advance Ratio 
(Convoplane Model Testo) 
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ACT 876“^. KEY. B.

LIST OF SYMBOLS ,

Wing Ar«a (Ft*)

Hov«rlng Thrust (Lbs)

Forward Thrust (Lbs)

Frte StroM Valoclty (MPH)

Jst Vsloelty

Velocity of Alrstream at Exit Noxxle 

Arose Weight (Lbs) (Full Seala)

Wing Lift Coefficient 

Wing Drag Coefficient 

Pitching Moment Coefficient 

Wing Angle of Attack 

Motor Blade Angle Setting 

Overall P opulslve Efficiency 

Jet Efficiency 

Internal Flow Efficiency 

Air Bcnalty (Slugs/Pt3)

Top and Bottom Door Opening Positions

Door Opening - Al-A= 25<

50H Door Openlmj • Ag

755* Door Openlr^ • *1 _
"T" — 75^

• Balance of Symbol'a on Page vll, pull out when reading 
text. HtKIimitD I
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